INTRODUCTION
define the possible role of these different products in the controlled rearing of bivalves.
The controlled culturing of microphytes is, to date, the inost widely used feeding technique in the haWhery-nursery rearing of bivalve genitors, larvae, postlarvae and spat. The culturing and utilisation of frcsh microalgae, however, present a number of important con5traints. Indeed, to satisfy the molluscs' nutritional needs, large phytoplankton volumes must be produccd and the production of algae is expensive. When using intensive microalgal cultures (cell density = 8 x 106 ml-'), 0.5 to 2 1, 15 to 20 1 and 1 000 to 1 500 1 are required daily per genitor, per lu6 larvae, and pcr 106 postlarvae < 3 mm, respectively (Chew et al., 1987; Helm, 1990) . For sizes cxcccding 3 mm, the animals are usually transferred to the natural environmcnt or are first placed in open-air nurseries. In these latter facilities, daily consumption is even greater reaching 40 to 100 m3 of extensive rnicroalgal cultures (cellular density = lu6 ml-') for 106 juvcniles (Baud and Bacher, 1990) . Moreover, as light is one of limiting factors for this method of microalgal production, the culture tanks are generally shallow and wide. As a result, the surface area of a bivalve hatchery-nursery allocatcd to the production of microalgae is quite large and microalgal culturing is vcry time consuming. Finally, despite the preventive measiires which are usually employed, the culture of phytoplankton can be subject to various types of contamination leading to sudden culture mortality ancilor unsuitability as a food source.
In an attempt to provide cost-effective alternatives and to simplify hatchery-nursery procedures, non-living algal food has been developed over the past few years. ln thc 1960s, new substitute feed were sought out in an attempt to overcome thesc inconveniences (Hidu and Ukeles, 1962) although the interest gcnerated by such studies was only fully felt during the 1980s and 1990s with the creation of a large numbcr of commercial hatcheries. A survey conducted among these businesses revealcd that the three main criteria required of a substitute feed are: a high nutritive value, low cost and simple utilisation and storage (Coutteau and Sorgeloos, 1992) . Firstly, the feed must meet certain demands; it inust be easily ingested, have a high digestibility and be non toxic. In addition, it must not aggregate or easily break apart. Finally, it must not harbour sources of bacterial contamination. A certain number of products such as bacteria, yeast, dried microalgae, microalgal pastes and microcapsules have been studied experimcntally. In th? present paper, the main results, from the literature as wcll as some of our own results, are presented and an attempt is made to In hatcheries and nurseries, bacteria are present in the rearing water and in the microalgal cultures. They are therefore capable of contributing to bivalve nutrition and several studies have demonstrated their importance to the larval (Hidu and Tubiash, 1963; Martin and Mcngus, 1977; Prieur, 1982; Douillet and Langdon, 1993 ) and postlarval stages (1-angdon and Bolton, 1984) under controlled conditions (Table 1 ). The same is true in the natural environment (Baldwin and Newcll, 1991) . Bacteria can furnish part of the metabolic requirements by directly providing organic molecules (Langdon and Bolton, 1984) and vitamins . They may also act indirectly on the breakdown of proteins thus rclcasing amino acids which can be assimilated by the bivalves (Manahan, 1983) or may facilitate digestion by releasing exoenzymes such as proteases and lipases into the surrounding medium (Prieur, 1982; Nicolas, 1997 pers. corn.) .
These results should be considered with caution as it has been demonstrated that, under conditions close to those observed in rearing (106 bacteria ml- ', Jeanthon et al., 1988) , the bacterial organic input represents only 3 to 15% of the microalgal contribution to Pecten maximus larvae and 0.5 to 2% for Crassostrea virginica juvcniles (Langdon and Bolton, 1984) . Their role is therefore not quantitative but may bc qualitative. Very few studies, however, have demonstrated that the bacteria do indeed have a positive effect on larval growth. Indeed, among the many bacteria that have been isolated in hatcheries, no species have been found to be beneficial for larvae (Douillet and Langdon, 1993) . Lastly, most of bacteria contain neither polyunsaturated fatty acids nor sterols (Brown et al., 1996; Perry et al., 1979) which are essential compounds in the growth of marine molluscs (Brown et al., 1989; Holden and Patterson, 1991; Marty et al., 1992) . Feeding of molluscs during their larval and postlarval stages using selected bacteria does not appear to be possible at the present time although this concept continues to interest several authors (Brown et al., 1996) . Finally, it is important to note that, in hatcheries, bacterial contaminations are often responsible for drastic larval mortalitiey (Elston, 1990) and, as a result, physical and chemical methods are often utilised to limit their development. These precautionary measures would therefore seem to invalidate the use of bacteria as a food source in hatcheries. Albentosa et al., 1989 (l) , Brown et al.. 1996 (2) ; Chu et al., 1982 (3) ; Chu et al.. 1987 (4) ; Coutteau et al., 1993 (5) ; Coutteau et cil., 1994a (6) ; Coutteau et aL, 19946, (7); Coutteau et al.. 1994c (8) ; Coutteau et al.. 1996 (9); Curatolo et al.. 1993 (10) ; Douillet and Langdon, 1993 (1 1); Epifanio, 1979 (12) ; Hidu and Tubiaïh, 1963 (13) ; Keün-Howie et al., 1994 (14) ; Knauer and Southgaie, 1996 (15) ; Laing, 1989 (16); Laing et al., 1990 (17) ; Laing and Millican, 1991 (18); Laing and Millican, 1992 (19); Laing and Verdugo, 1991 (20); Laing and Lopez Alvarado, 1994 (21); L,angdon and Bolton, 1984 (22) ; Langdon and Siegfried, 1984 (23) ; Martin and Mengus, 1977 (24) ; Nell and O'Connor, 1991 (25); Nell et al., 1996 (26); Numaguchi and Nell, 1991 (27) ; Prieur, 1982 (28) ; Robinson, 19920 (29) ; Robinson, 19926 (30) ; Robert et ul., 1996 (31) ; Southgate et al., 1 9 9 2~ (32); Southgate et al., 1992b (33) ; Teshima et al., 1982 (34) ; Urban and Langdon, 1984 (35) .
YEAST
Yeast were considered very early to be a potential food substitute in aquaculture due to their small size, high protein content and the ease with which they are cultured. Despite an early study by Loosanoff in 1944 in which larval cultures were provided yeast (Hidu and Ukeles, 1962) , the actual importance of this food source was determined by Epifanio in 1979 using spat. An absence of growth was observed by this last author for four species of bivalves which led him to advocate that yeast should not be used as a sole food source. With the exception of Crassostrea virginica, however, a 50% yeast supplement supported good growth rates of bivalve juveniles (Epifanio, 1979;  Table 1 ). Urban and Langdon (1984) , however, observed that oyster growth depends essentially on the proportion of microalgae present in the food mixture. In addition, at a ration above 10.4 mg of yeast per day, growth ceased. The latter authors believed that the low nutritive value of yeast is due to their deficiency in polyunsaturated fatty acids (of the 03 family) and water-soluble vitamins (Urban and Langdon, 1984) . In addition, the thickness of their ce11 wall does not facilitate digestion (Epifanio, 1979) .
The elaboration of a chernical treatment solved this problem and, as a result, this treated food resource was examined on Ruditapes philippinarum spat (Albentosa et al., 1989) which confirmed the nutritional deficiency of yeast in essential compounds. Using a technique for the incorporation of w3 type fatty acids, Coutteau et al. (1993 Coutteau et al. ( , 1994a revealed that yeast treated in this manner supported good growth of Kuditapes philippinarum and Mercenaria mercenaria juveniles : an 80120 yeast to fresh microalgae ratio led to growth levels which represented 70 to 90% of those K. Robert and P. l'rintignac observed for the fresh microalgae fed control3. Moreovcr, rcplacing 50% of the algal ration by yeast did not result in a significant decreasc in M. merceilaria spat growth rate relative to controls (Coutteau et ul., 1 9 9 4~) .
Poorcr rcsults were observed for Cr(rssostrpa gi,ga.s, however, for which 50% of control growth was recordcd (Couttcau et al., 1993) . A high yeast ratio was shown to cause significarit pseudofaccc\ production and a growth decrease in this species which is in agreement with the observations of Urban and Langdon (1984) . Conversely, a high yeast ratio brought about a growth rate incrcasc in Ku(1itupe.r philippiizurum (Coutteau et al., 1993) which would seem to indicate the existence of diffcrcnt nutritional nccds. Indeed, aï pointed out by Laing et ul. (1990) the clam secms to bc able to produce the fatty acids necessary for its development hy elongation and desaturation, a capacity which docs not cxist in thcf Ostreidae. As a result, the clam only requires a minimal microalgal ration to meet its essential fatty acid needs. For most of the Vencridae, a complcmcntary microalgal and uansformed yeast diet is therefore conceivable at the juvenile stage, whilc the Triduc,rzu clams arc cven capable of development when fed only yeast (Coutteau and Sorgcloos, 1992) . The utilisation of transformed yeast seems to be more limited in the Ostreidae. NevertheIcss, rcccnt studies by Nell et al. (1996) on Saccostrea commer(.iali.s spat fed six diffcrcnt ycast spccics (no1 transformed) and three yeast-based diets (Microfeast) reported that dry weight gain can reach 67% (for the best live yeast diet) to 76% (for dry yeast-based diets) of that obscrved in controls (live microalgae) at an 80% substitution Icvel.
The value of such a supplcmcntal fccd in other bivalves (Pectinidae for example) remains to be determined for the juveniles as it docs for the larval stages of al1 molluscs. Although some results have been rcportcd for the Vcncridae (Coutteau and Sorgeloos, 19921 , their role in the conditioning of gcnitors rcmains to bc detcrmincd. Recause they lack polyunsaturated fatty acids untreated yeast is unsuitable as a complete diet for larvae and spat of bivalves. Further studies are thcrcforc rcquircd to fully evaluate the importance of transformed yeast as a complementary mollusc food source.
DHIED MICROALGAE
The f'irst studies to use dried microalgae as a mollusc food source date back to the 1960s at which time Hidu and Ukeles (1962) observed larval growth rates in Mercenaria mercenaria which were comparable to those obtained using frcsh microalgac. Similar cxpcriments were subsequently sporadically carried out on oysters with poorcr succcss (Walne, 1974) but it was not until the 1990s that further research in this area was performed. The resumption of these research activities was made possible by the mastering of drying methods in addition to the development of a new procedure for the industrial production of marine microalgae under heterotrophic conditions (Laing, 1989) . The re\earch involved larvae, juveniles and genitors and, a\ a rcsult, the potential rolc of [hi\ food source became more clearly defined (Table 1) .
Only two marine microalgae treated as dcscrihcd above were tcstcd in dctail as fccd for Ruditapes philippinrrr~lm larvae, namely Nunrîochloris ~itomu.v and Ïètmselmis .suecicu. This latter was only used for the umbone larvae (rnean length > 120 pm) duc to its ccll sizc which is in the ordcr of X to 12 ym (Laing et al., 1990) . A growth rate comparable to that obtaincd with fresh Tetruse1mi.r wa\ obtained for larvae fed the dried version of this microalgae. Converscly, a hcttcr dcvclopment leading to mctam«rpho\i\ in 21 days was obtained with dried Nunnoch1ori.v whcrcas a zero growth rate was observed with fresh microalgae. A much bcttcr larval performance, howcver, was seen in controls provided a mixture of two live microalgae spccics with clam metamorphosis occurring al'ter 8 to 10 days after hatching. Decreasing growth rates accompanied by high mortality levels were also observed in Ostreu edulis when the larvac of this spccies were exclusively fed dried Tetrusel~îzis (Laing et al., 1990) .
On the othcr hand, Numaguchi and Nell (1991) reported that growth rates of ,S~~c.r:o.strea c.omrnerc.ia1i.s larvae fed livc algac at 0.05 mg.1-l wcre significantly increased when supplemented dried extract of Dunuliella .rcrlina was added at a ration of 0.123 mg.1-'.
In young spat (< 2.5 mg), the mollusc's size does not precludc the use of Tetrase1mi.r .suecica and a greater number of studies have been carried out (Table 1) . Laing and Vcrdugo (1991) showed, on the one hand, that growth rates of Ruditapes philippinaruun. K. decussatu.r and Crus.so.rtrea gigus fed dried Etru.se1-mis did not vary substantially from those obscrvcd using livc Tetruselmis ( Fig. 1) and, on the other hand, that dried Ïbtra.ve1mi.s allowcd highcr growth rates in Osrrea edulis but lower growth rates in Mercenaria rrzercenaria. However, in eithcr case, postlarval performance was lower than that recorded for controls fed livc Chaetoceros calcitrans forma pumilunt or a mixture of live C. (~~i1r~itrun.s forma pumilum and Tetmselunis .supc.ic-a (Laing and Verdugo, 199 1) .
Morcovcr, 1,aing and Millican (1 99 1, 1992) reported that dried 7btr~l.seImis used as a partial algal substitute, might resulted in similar postlarval growth rates than the controls in Ostrea edulis, Crasso.rtrea gigas and Ruditapes philippinarum. Here again, the clam distinguishcs itsclf by posscssing a particularly low need for fresh microalgae in the mixture (10%) as compared to the oyster for which proportions are in the order of 30 to 50% for the flat and cupped oysters, respectively (Laing and Millican, 1992) . For the clam, a slightly highcr frcsh microalgae contribution (20%) is reported by Coutteau et al. (1993) as thcy claim that the differcnccs observed are due to the difference in experimenta1 methods used and, in particular, in the way the Aquat. Living Rcmur., Vol. 1 O. n' 5 -1997 animals were fed. Ncvertheless, both works conflict with the results of Curatolo et al. (1993) who found that supplements of dried diet of up to 40% did not produce satisfactory results for clam spat due to deposition and decay of the dricd product, lcading to bacterial contamination.
The nutritional value of spray-dried freshwater alga, Spongiococcum ex(vntricum has been recently asscsscd on Cra.ssostrea gigas spat (Knauer and Southgate, 1996) . These authors showed that neither the dry weight, the ash free dry weight nor the proximate composition of spat fed an 80% Chaetocero.~ rnuellcri : 20% S. excentricum mixture wcrc significantly different from than of spat fed an 100% C. dict, which clearly demonstrates that dricd S. ext.entri(.unz was suitahle as a substitute for live C. muelleri at a level not exceeding 20%. Some interesting results have also been gcneratcd in the conditioning o f gcnitors for which studies have hccn carried out using Tetraselmis suecica and the diatom Cyclotella cryptica (Table 1 ). The maturation of Kuditapes philippinarum occurs in the same period of time (6 weeks) regardless of whether the microalgac used arc frcsh or dricd, alonc or within a mixture (Laing and Lopez Alvarado, 1994) . When clams are provided a dricd microalgac diet, however, a lower fccundity is observed which represents only 35 to 40% of that recorded for controls fed live algae. No othcr effects were subsequcntly ohscrvcd other than a difference in the size of the D larvae at formation; larval growth rate remained identical regardless of the feed providcd during broodstock conditioning.
Mcdiocrc rcsults in the rearing of larvae (Ostrea edirli.~, Mercenrrrirr mercenaria), postlarvae (Ruditapes philippinarum, Crassostrea gigas, Patinope>ecten yessoensis) and in genitor conditioning (M. mercenaria), however, have been reported by a numbcr of hatcheries (Coutteau and Sorgeloos, 1992) .
Dried microalgae, therefore, appear to bc a good feed supplement but cannot fully replace live microalgae. They have the advantage of possessing a weakened cell wall duc to the drying process and are thcrcfore easily assimilated by bivalves (Hidu and Ukeles, 1962) . In addition, thcy are easy to store even in the long term. However, due to the drying process only, these treated microalgae may be deficicnt in scveral components, namcly proteins and vitamins (e.g. ascorbate) and w3 fatty acids which are thus only found in live microalgae. Moreover, the drying process can make the cells "leaky" and hence they can rapidly leach water-soluble nutrient upon resuspension.
As they seem to require only a 10 to 20% fresh microalgae supplement to obtain performance levels similar to controls, the Veneridae are good candidates for this food source. The Tridacna also stand out once again as larval and juvenile development in this family can be obtained using dried microalgae as the sole food source (Coutteau and Sorgeloos, 1992) .
In the Ostreidae, the use of this food type remains attractive dcspite the fact that 50% minimum of live fresh microalgae are necessary to allow good growth rates.
Nutritional needs are particularly important from a quantitative point of view during the postlarval and juvenile stages (Baud and Bacher, 1990; Helm, 1990) and it is conceivable that these supplement products could be preferentially used in nurseries. In this way, Laing and Millican (1992) cstimated this complement feed used with fresh algae for clams to be in the order of 0.2 g.g-' week-' for juveniles as a higher ration (0.4 g) was not noticeably more efficient in obtaining 3 mg spat (wet weight). A high feeding cost of 170 US $ kg-', however, has been put forward by Couueau and Sorgeloos (1992) while a cost of 60 US $ kg-' (0.10 f g-') was proposed by Laing and Millican (1992) . The cost of fresh microalgae production is variable and depends mainly on'thc spccies cultured, the production volume, the technique used (bloom, semi-continuous, continuous), the initial nutrient levels in the water (saline groundwater or not) and the climatic conditions expcricnced by open air cultures. A wide range of estimations are thus prescnt in the literature and thcir mcan, al1 conditions combined, allows the cost of live microalgae culturing to be estimated at 112 US PD kg-' dry weight (Coutteau and Sorgeloos, 1992) . Depending on the study cxamined (Laing and Millican, 1992; Coutteau and Sorgeloos, 1992) , the cost of dried microalgac is 20 to 50% lower than that of fresh microalgae. The actual cost incurred by the use of dried microalgac, which depends on the species cultured, its type of production (autotrophy or heterotrophy) and the drying procedure (oven drying, thin layer drum drying, spray drying or frccze drying), thercfore remains to be accurately determined.
The low numbers of çommercialised dried microalgae and the mcdiocre nutritional quality of most of them as live microalgae are, in our opinion, the main inconvcnicnces at the present time. Indeed, to our knowledge, only four marine microalgae (Nannochloris atomus, Tetruselmis suecicu, Dunalielia salinu, Cyclotellu crjptica) and the freshwater Spongiococcum excentricum have been industrially produced and used as food for molluscs (Laing et al., 1990; Numaguchi and Nell, 1991; Laing and Millican, 1992; Knauer and Southgate, 1996) . The two major species in the literature which have been used in dried form, i.e. Nannochloris atomus and Tetrase1mi.s suecicu arc known to be respectively of poor or mediocre food value for larvae and spat of several bivalves when used alone as live microalgae (Loosanooff and Davis, 1963; Walne. 1974; Enright et al., 1986; His and Robert, 1987; Laing et al., 1990; 0' Connor et al., 1992; Robert et [il., 1996a) . The lack or low levels of pz-3 HUFA in these microalgae (Brown et al., 1989) , their low ingestion andlor digestion by bivalve larvae (Walne, 1974; Loosanooff and Davis, 1963; unpublishcd data) may explain their poor quality. Moreover, drying can result in loss due to oxidation of highly unsaturated fatty acids (Dunstan et al., 1992) which are essential components for larval growth (Brown et al., 1989) .
MICROALGAI, PASTES
During the 1970s, mollucc larvae began to be fed concentrated axenic microalgae (Ukeles, 1975) . This technique was adopted several years later by commercial hatcheries (Watson, 1986; Donaldson, 1991) . This pastc is obtained by the continuous centrifugation of cultures of one or more microalgal species. It can subsequently be stored for several days in the dark at 10°C according to Ukeles (1975) , for several months at 4°C according to Watson (1986) or even up to one year (Donaldson, 199 1 ) . Although the production of this paste appears relatively simple, very few experimental studies have been carricd out to determine its nutritive value (Table 1 ) and most of the data available, which originate from commercial hatcheries, remain elusive or confidential. Watson (1986) obtained variable results (no data are given) which depended on the microalgal species and which were particularly variable for the naked flagellates. More reproducible results would seem to be obtained with diatoms. To explain this phenomcnon, this last author suggested that the centrifugation process destroys a portion of the cellular matcrial thus affccting the nutrient potential of the microalgae. This would help explain the poor results usually observed for naked flagellates and, conversely, the good growth rates generally recorded with diatoms, such as Chuetocem.r calcitruns and Thalussiosira pseudonana. Coutteau et al. (1994b) , howevcr, revealed that it is not possible to generalise these results, as a bctter Ruditapes philippinarunz juvenile growth rate was obtained with a Chuetoceros neogrucile fresh culture diet than with an equivalent microalgal paste diet. To our knowledge, the only nutritional studies on larvae to use concentrated microalgae are thosc of Nell and O'Connor (1 99 1 ) and our own . The former authors revealed that a paste made up of Pavlova lutheri and Chaetoceros calcitrans and stored at 4°C for 1 to 2 weeks can bring about a larval growth rate in the oyster, Saccostrea commerciulis, which is greater to that obtained using fresh microalgae. A paste of Pavlova lutheri alone, however, gcnerated poor growth results while concentrated and stored Chuetocero.r calcitrans gave similar growth as the fresh control. In Pecten rnuximus, low larval growth rates have also been recorded with concentrated Pavlova lutheri and this despite the microalgal treatment (culture age, dilution or not of the paste: Robert et al., 1996a;  Fig. 2a) . Conversely, promising (Fig. 2h) although non reproducible larval growth rates have been obtained with pastes made from 1.rochtysis aff. galbana.
Relatively good performances as a complement food source have been reported for these pastes but no data are given (Coutteau and Sorgeloos, 1992) . These authors reported however that, in the Coast Seafood Company Hatchery, genitors and spat are fed a diet composed of 75% microalgal paste and 25% fresh microalgae.
At the present time, due to their hardiness to centrifugation process, diatoms such as Chuetoceros calcitrans, Chuetocems neogracile, Skeletonema costatum, and Thalassiosira pseudonana as well as Prasinophyceae of the genus Tetruselmis are good candidates for the production of microalgal pastes but their nutritional quality deteriorates quite rapidly (Watson, 1986; Montaini et al., 1996) . The production of an microa'l-gal paste is a delicate and fairly expensive process. The main difficulties involve, firstly, mastering centrifugation for the more fragile but nutritionally advantageous species (mainly the naked flagellates) and, secondly, determining the best storage conditions for pastes. The utilisation of microalgal pastes to feed mollusc larvae and postlarvae presents a certain number of advantages such as the elimination of ectocrines and nutrients as well as the noticeable decrease in bacterial density (O'Connor and Nell, 1992) . This technique is only attractive, however, if the paste can be kept for a least al., 1996a) . Aquat. Living Resour., Vol. 10, no 5-1997 two months, this being the time required for genitor conditioning andlor postlarval development. Several authors have observed its rapid deterioration at 4"C, however, (Molina Grima et al., 1994; Brown, 1995; Montaini et al., 1995) and the addition of antibiotics and preservatives seem to be of little benefit (Watson, 1986) . It is interesting to note that the polyunsaturated fatty acid profiles of these concentrated microalgae remain unchanged at 4°C for a month (Molina Grima et al., 1994; Montaini et al., 1995) and consequently, the lower larval growth results recorded for Pecten maximus fed these pastes are not linked to a deficiency in essential fatty acids .
At the present time, despite the limited nutritional quality of these concentrates a commercial application of this procedure to feed postlarvae exists with remote setting (Jones and Jones, 1988) .
MICROCAPSULES
The potential of microcapsules in marine aquaculture was described during the 1970s (Jones et al., 1974) and the first experiments carried out on n~olluscs were performed by Gabbot et al. (1976) . To feed bivalve larvae and postlarvae, the size of the food particles, more or less oval in shape, must be smaller than 10 Fm in diameter (Robert and Trintignac, 1996) . In addition, they must not be too porous so as to lirnit the diffusion of the trapped nutrient compounds but must be digestible. The other characteristics of an "ideal" microcapsule are linked to their preparation, biochemical content and performance in aqueous suspension . Several types of microcapsules have been tested over the last twenty years of which four have been the object of more extensive studies (Fig. 3) . Several studies have investigated the use of microcapsules for bivalve larvae, juveniles and adults. They have been reviewed in detail by and only the main results are reported here (Table 1) .
Nylon protein and protein-walled microcapsules
These microcapsules allow the encapsulation of water soluble compounds, essentially proteins and sugars. The fabrication protocol was defined by Chang et al. (1966) : a water soluble food made up of haemoglobin and diaminohexane is emulsified in an organic solution of Sebacoylchloride. This last compound reacts with the diarninohexane to form nylon 610 and with the free amino acid groups of the haemoglobin to produce chains of nylon-protein. In order to limit the formation of aggregates, Jones et al. (1974) suggested the addition of 4 4' -diamino-2 2'biphenyldisulphonic acid.
Very few studies on molluscs have been carried out using this type of microcapsule. Chu et ul. (1982) reported its ingestion and digestion by Crassosrrea virginica laryae while similar growth and survival to those fcd the algae Chorella have been shown on Chlamys nohilis larvae which, howcvcr, dicd prior to settlement (Teshima et al., 1982) . Later studies used a modification of this method which eliminated the "nylon" component, suspected to have a low level of digestibility (Chu et al., 1982) . This modified technique leading to the production of protein-wallcd microcapsules (Fig. 3cr) , detailed by 1,angdon and Debevoise (1 9891, allowcd the dcvclopment of clam (Ruditapes philippinarum and Mercenaria mercenaria) and oystcr (Cru.s.so.rtrea gigas, C. virginica and Ostrea edulis) juvcnilcs (Laing, 1987) . These animals, however, possessed a growth rate which was substantially lower than that observcd with a fresh microalgal diet.
It has subsequently been shown that I 0-day-old Saccostrea commercialis larvae fed protein-walled microcapsules had growth rates in shell length of 80% that of algal-fed larvae and did not differ significantly in ashfrcc dry weight (Southgate et al., 1992b) . Moreover, mixed with gelatin-acacia microcapsules, they supported good larval growth (90% that of algal fed controls) and development through metamorphosis of Tridacna gigas larvac (Southgate et ul., 1992~) .
This illustrated clearly that thesc protcin-walled microcapsules, uscd alone or as supplementation, may bc of high nutritional value for bivalves. Thcy can encapsulated complete dict which contain both aqueous nutrients and lipid components. Moreover, its sizc (6 + 2 Pm; Langdon, 1989) advocates its utilisation in larval rearing and are accordingly very promising in hatchcry.
Lipid-walled microcapsules
These microcapsules allow the incorporation of hydrophilic compounds and, as a result, contain both aqucous nutrients and lipids. Made up of a double cmulsion, their role is to introducc water soluble compounds with a lesser risk of diffusion than is possible with nylon-protein microcapsules: a vitamin mixture is dissolved in a water soluble acacia gum and calcium chloridc solution. This mixture is then emulsified with fish oil which is oftcn combined with ethyl cellulose thus rcndering the capsule less permeable (Iangdon et al., 1985;  Fig. 3h) . Langdon and Bolton (1984) and Langdon and Siegfried (1984) first tested these microcapsules (mixed artificial diet) with Crassostrea virginica juvenilcs and growth rates of 41 9% to 73% that of algae fed controlu were achieved. Subsequently, C. virginica larvae were grown to metamorphosis on this type of microcap5ules thus revealing that this species does not fccd cxclusively on microalgae (Chu et al., 1987) . These same authors, however, note a substantially lower growth rate compared to that obtained with a rnicroalgae diet. Howcvcr, its role as a food supplement is worth considering. Indeed, the growth of C. virginica juveniles prcviously provided a nutritionally deficient food was restored after addition of vitamin rich lipid microcapsules (Urban and I,angdon, 1984) .
The production and storage of these microcapsules is problcmatic due to their instability (Chu et al., 1987) . Morever, "complete" diet can bc encapsulated but thcsc microcapsules have a very high lipid content which results in nutritional imbalancc (Southgate, 1997 pers. corn.) . Thcy lcad to unsatisfactory development and thcir potential application seems to bc limited in hatchery and nursery.
Gelatin-acacia microcapsules
These particles allow the encapsulation of hydrophobie compounds, essentially lipids. Microparticles are made up of a gclatin-acacia wall incorporating lipids (Fig. 3c) .
In order to dctcrminc the fatty acid requirements of Crassostrea gigas juvcnilcs, microcapsules of 2 to 3 pm in diamctcr have been used (Langdon and Waldock, 1981) . These microcapsules allowcd a rcsumption of growth in oystcrs previously fed only Durzuliclla tertioleciu which lack n-3 highly unsaturated fatty acids. They have also bcen used as a food source for larvac of C. virginica and Sacco.strea commercirilis although lower growth rates werc recordcd in comparison with an microalgal diet (Chu et al., 1987; Numaguchi and Nell, 199 1 ; Fig. 4) . Howcver, mixed to protein-walled microcapsules, they supported Tridacna giga.~ larval dcvelopment through metamorphosis .
Gelatin-acacia microcapsules arc interesting from scvcral points of view. They are stable and can be autoclaved in view of long-term storage (Chu et al., 1987) . Sterilisation, however, will affect fatty acid incorporation and modifications in pH may cause microcapsule aggregates to be formed or random break-up of these aggregates (Rodrigucz et al., 1992) . They retain hydro- phobic compounds well and allow the encapsulation of fatty acids, hormones and certain vitamins (Delaunay, 1992) . The main disadvantage of this particle type is that it is incomplete due to its inability to encapsulate hydrophilic nutrients. These microcapsules can, therefore be used as a lipid food supplement in hatchery and nursery and their high assimilation efficiencies, proved on Crassostrea gigas spat (57%) supported that potentiality (Knauer and Southgate, 1997) .
Microgel microcapsules/ Microbound diets
These microcapsules are often used to encapsulate high molecular weight soluble nutrients such as certain proteins andlor starch, but complete diets, containing
Aquat. Living Rewur., Vol. 10, no 5-1997 both aqueous and lipids components, can be used (Teshima et al., 1982) . Several microgel types have becn tested such as alginate microcapsules (Fig. 3 4 . Chlamys nobilis larvac fed mixed carrageenan micro-bound diet and Chlorellu (111 ratio) showed higher growth and higher survival than with algal diet alone (Teshima et al., 1982) . Used as a supplement with microalgae (111 ratio), excellent larval devclopment has also been obtained in Ruditapes philippinurum (bcttcr than the algal control) whereas poorer results have been recordcd for Crc~ssostrea gigas .
Microgcl microcapsules (mixcd artificial diet) have also been uscd successfully to feed Crassostrea virginica juveniles, the best results being obtained with microcapsules containing albumin (Langdon and Siegfried, 1984; Langdon and Bolton, 1984) leading to growth rates up to 73% of those obtained with an exclusively microalgal diet.
Howevcr, microgel microcapsules prcsent two major handicaps. They sediment rather easily which can be detrimental to the nutrition of molluse larvae (KeanHowie cf ul., 1994) . It is also difficult using prcsent day methods to produce microcapsules smallcr than 20 pm in diameter and, as a result, their use as a larval feed is limited. At prcsent their utilisation in hatchery and nursery is limited accordingly.
LIPID MICROSPHERES AND LIPrn EMULSIONS
More recently, lipids have been delivered to bivalves in the form of lipid microspheres (Robinson, 1992a, 6 ) or lipid emulsions : Table 1 . ~h e y appeared to be more convenient because they are easily produced, have suitable buoyancy characteristics, do not release any toxic substances, are lightly polluting the water and are easily ingested and digested by adult oysters, e.g. Crassostrea gigas (Robinson, 1992a, b) and Ostrea edulis (Heras et al., 1994) . In addition, the incorporation of the lipids present in emulsions has been validated in larvae of Ostrea edulis and juveniles of Placopecten magel1unicu.s (Coutteau et al., 1996) .
The importance of such lipid emulsion as supplementation to algae, has been reported by Coutteau et al. (1 994c) on Mercenuria mercenaria larvae with better growth and survival throughout metamorphosis than that of controls fed only microalgae. ln terms of genitor conditioning, Robinson (1992a) observed gonadal development in Crassostrea gigas Kuamoto which was similar to that seen with an microalgal diet while a positive effect on spawning and size of eggs was reported on Argopecten purpuratus (Coutteau et al., 1996) . Despite these initial promising results, the biological effects of such feed supplements remains to be precised for al1 stages of mollusc development.
DISCUSSION AND CONCLUSION
Efforts to develop a food substitute for live microalgae have been conducted along three major research avenues (Table 1 ). The first consists of replacing microalgae by other microorganisms such as bacteria and yeast. This necessitates a sound understanding of the microorganisms' physical and chemical characteristics and necessitates that al1 the incompatible aspects (size, toxicity, nutritional quality) be defined with respect to the bivalve andor the stage of development involved.
The risk of pathogenicity when using bacteria is too high in mollusc hatcheries and their nutritional input too low (< 10%) to foresee a future for this type of fced. We believe that the possible role of selected bacteria (positive or rieutral) in hatcheries is one of prophylaxis. Their addition to larval andor microalgal cultures could result in the limiting of bacterial pathogen proliferation which would allow a decrease in the curative and even preventive use of antibiotics (Robert et al., 1996h) .
As for yeast, the production methods used recently seem promising (chemical treatment and enrichment with w3 fatty acids). This last food supplement should be of use in nurseries and the Veneridae in particular, appear to be good candidates for this new food source.
The second approach involves the transformation of raw material, microalgae in this case, into a secondary product which is easier to use. Regardless of the transformation method used, however, be it by concentration, freezing or lyophilisation, the original nutritional potential of the microalgae is generally decreased. Al1 of the above transformation methods directly or indirectly affect the physical and chemical characteristics of the microalgae. As has been demonstrated by a number of authors, microalgal pastes (Nell and O'Connor, 199 1; Robert et al., 1996a) and dried microalgae (Laing and Millican, 1991; Curatolo et rd., 1993) do not produce growth rates in bivalves that can be compared to those obtained with a fresh microalgal diet, although the simplicity in usage and storage has been increased. To concentrate microalgae into slurry, alternative harvesting technologies (e.g. membrane filtration, flocculation), which are potentially less damaging, have to be developed. The low number of dried microalgae produced on an industrial scale is to date a limiting factor. There is a need to identify more nutritionally valuable dried microalgae and such investigations are in progress (Barclay and Zeller, 1996; Knauer and Southgate, 1996) . Both types of food, algal paste and dried microalgae, should be of use as supplement diet in hatcheries (conditioning genitors) and nurseries. The Veneridae appear again to be good candidates for which Curatolo et al. (1993) have proposed a feeding spat strategy based on live/ dried Tetraselmis suecica.
The third approach involves the production of artificial food particles. Inert artificial foods have been successful in conditioning oysters (sec review Nell, 1993) but they often promote bacterial contamination. Microencapsulation greatly reduces leaching and the risk associated with high numbers of bacteria, and microcapsules are therefore suitable for larvae and spat. The main goal of these types of feed, as opposed to other substitute products, is to produce a food source whose nutrition potential is greater than that of rnicroalgae and which can be modified in relation to certain parameters (species, stage of development). Another interesting characteristic involves the ability to add nutritional stimulants and medicines. Finally, there are other advantages such as the simplicity of usage and storage (Coutteau et al., 1996) as well as the low production cost (Southgate et al., 1992a) . Despite the undeniable progress that has been made in terms of animal growth and survival (Southgate et al., 1992a, h) the results obtained to date are not yet fully convincing for bivalve rearing but two types of microcapsules are very promising as an alternative to microalgal food for mollusc: protein-walled and gelatin-acacia microcapsules.
However, it must be remember that live heterotrophically grown algae is another low-cost alternative to live phototrophically grown algae (Nell, 1993) . At present only a few species (see above in dried algae section) can be grown by this technology, but if strains capable of heterotrophic growth with high nutritional value for aquaculture could be used, this might obviate one of the major reasons for seeking an artificial diet (i.e. cost).
Nevertheless, as pointed out by development of benchmark diets, such as microcapsules, provides a reliable tool for bivalve nutritional requirements (e.g. Knauer and Southgate, 1997) and in turn will lead to further development of non living microalgae food. Further research in artificial 'diet is undoubtedly necessary to allow a more precise determination of the nutrient requirement of molluscs.
It is of interest to note that the results obtained by researchers testing food substitutes are often in disagreement with the observations reported by the professional shell-fish farmers (Coutteau and Sorgeloos, 1992) . These authors suggested that these discrepancies are due to differences in scale andor rearing practices. A generally poor understanding of the molluscs' basic nutritional needs in conjunction with the paucity of experiments (Table 1) using these new food types is, in Our opinion, also responsible for this situation. Indeed the nutrition of bivalve larvae and spat has not received the same research attention as that of crustaceans and fish larvae for which non living food diets are now available commercially. For bivalves, these products have long been considered to be substitute feed as opposed to food supplements and, as a result, ented and will thus contribute to the expansion of these attempts to use them have often failed. The budding new products. A number of non algal live diets are understanding that to date fresh microalgae are necesavailable or their development in progress. Their use sary in proportions which will vary.with the mollusc will greatly simplify hatchery-nursery procedures and species to be reared and its stage of development lead to more consistent and economic hatchery-nursery should allow future experiments to be properly oriproduction of bivalve spat.
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Book notices
Riodiversity Dynamics and Conservation: The Freshwater Fish of Tropical Africa. Edited by Christian Lévêque. 1997, Cambridge University Press, 438 p., ISBN 0 521 57033 6 (hardback) £55.00 (US$84.95).
In order for biodiversity to be conserved, it is important to know how and where diverse assemblages of plants and animals exist, to understand the effects of human impacts on them and to find the means by which these impacts can be lesscned and even reversed. While tropical systems are know to be amongst the most diverse and most threatened globally, tropical freshwater systems have been neglected, and the tremendous variety of fish, amphibians, invertebrates and plants that live in thcm is poorly known yet seriously threatened. This comprehensive book brings together a wealth of information on the fish of tropical African systems, and discusses how these systems evolved, what holds them together and what is tearing them appart. If will be an important reference work not only for those intcrested in fish, but for al1 those concerned with biodiversity conservation anywhere. Cet ouvrage propose une synthèse des informations scientifiques disponibles sur les peuplements piscicoles d'eau douce de Guyane française : bio-géographie, répartition spatiale, cycles saisonniers, biologie. 11 fait par ailleurs une description exhaustive d'une centaine de poissons peuplant la rivière Approuague et la réserve naturelle des Nouragues. La détermination des espèces est rendue particulièrement aisée grâce à une excellente iconographie inédite (24 planches en couleurs, 6 planches en noir et blanc), faisant clairement apparaître les caractères d'identification. Des clés de détermination, fondées sur l'utilisation de caractères discriminants accessibles pour le néophyte, sont également proposées. The entire set of data analysed here is available in digitized form, i.e., NAN-SIS file for the trawl data, and on the FishBase CD-ROM for the biological data on fish. Contact ICLARM for details (International Center for Living Aquatic Resources Management, MCPO Box 263 1, 07 18 Makati City, Philippines. Fax +63-2 81 6-3 183, iclarm@cgnet.com). This book presents and analyses data on fish resources collected in Western Indonesia -off Sumatra, Java, Bali, Southem Kalimantan (Borneo) and South of the Lesser Sunda Islands (Nusa Tenggara) -during bottom trawl surveys conducted from 1974 to 1981 by a variety of research vessels. Then gathered with the aim of fostering the development of bottom trawl fisheries; these data are shown here to identify fish communities that subsequent fishing has much altered and whose diversity can be expected to gradually decline upon exploitation. These community descriptions, by an international cast of authors, are complemented by contributions on the historical background and on the physical and conceptual contexts of the original surveys, reinterpreted as baseline studies of fish biodiversity.
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